Abstract In rare cases of severe and intractable epilepsy, cerebral hemispherectomy is performed to arrest seizure activity and improve quality of life. The remaining hemisphere is often capable of supporting many cognitive functions post-surgery, although the outcome depends on the underlying etiology, hemisphere removed, and age of resection. The mechanisms underlying this massive reorganization are at present unknown. Here we examined intrinsic functional connectivity of putative language brain networks in four children after left cerebral hemispherectomy using resting-state functional magnetic resonance imaging (rsfMRI). We compared these functional systems to intrinsic language networks in 15 neurotypical controls using region-of-interest (ROI)-based functional connectivity analyses. In three out of four hemispherectomy patients, the ROI placed in the right inferior gyrus revealed a functional network that strongly resembled the righthemisphere intrinsic language network observed in controls. This network typically comprised inferior frontal gyrus, superior temporal sulcus, and premotor regions. Quantitative ROI-to-ROI analyses revealed that functional connectivity between major nodes of the language network was significantly altered in all 4 examined patients. Overall, our data demonstrate that the pattern of functional connectivity within language networks is at least partially preserved in the intact right hemisphere of patients who underwent left hemispherectomy.
Introduction
The fundamental laws guiding brain plasticity and reorganization after major lesions remain an area of intensive investigation. An extreme but under-studied example of such rewiring is brain recovery after hemispherectomy, a surgical procedure resulting in the removal of one cerebral hemisphere to alleviate intractable epilepsy (Jonas et al. 2004) . During post-surgery recovery, the remaining hemisphere is often able to take over some cognitive and sensorimotor functions, although a number of deficits such as hemiparesis and hemianopsia remain (Althausen et al. 2013; Moosa et al. 2013; Samargia and Kimberley 2009) . Previous studies have shown that core brain regions in the remaining hemisphere tend to retain their original function, although some reorganization does take place to partially compensate for the missing contralateral hemisphere (Paiement et al. 2008; Zhang et al. 2013 ). It is not clear which functions are reassigned to the remaining hemisphere and what laws guide the hierarchy of rescued functions (Cummine et al. 2009 ).
The most studied cognitive function following left hemispherectomy is spoken, and to a lesser degree written, language. Many patients after left hemispherectomy produce fluent speech and about 40% learn to read (de Bode et al. 2015; Moosa et al. 2013) , even though most brain regions supporting language functions in the neurotypical population are located in the left hemisphere (Grosmaitre et al. 2015; Liegeois et al. 2010; Stark and McGregor 1997) . The neural principles underlying this functional restitution remain largely unknown due to the fact that results of lesion studies cannot be directly applied to this population. It has been shown that the right hemisphere becomes more actively involved in language tasks following a lesion on the opposite side, but the recruited brain regions are not fully homologous to those on the left (Gupta 2014; Saur et al. 2008; Voets et al. 2006) .
Resting-state fMRI (rsfMRI) analysis can serve as a powerful tool for determining functional brain network rearrangement after hemispherectomy, as the approach allows for detection of canonical, intrinsic connectivity networks (ICNs) as well as discovery of novel brain regions that they might include. The past decades of research have demonstrated that functional connectivity of brain regions at rest exhibits specific patterns that often correspond to the task-induced activation of these areas (Biswal et al. 1995; Smith et al. 2009; van den Heuvel and Hulshoff Pol 2010) . Such interconnected regions form functional networks, which tend to be reproducible within and between subjects (Damoiseaux et al. 2006; Shehzad et al. 2009; Tomasi and Volkow 2012) . Resting-state fMRI is considered to be a promising tool for neurosurgery, in particular for preoperative planning (Branco et al. 2016) but its applications require further investigation (Lang et al. 2014) . While the function of spontaneous blood-oxygenlevel-dependent (BOLD) signal that gives rise to ICNs is not yet completely understood, it has been suggested that these signals serve to organize and coordinate neuronal activity (Fox and Raichle 2007) .
Several recent studies have confirmed the existence of a lateralized language ICN, which is comprised of the typical fronto-temporo-parietal left-hemisphere (LH) language centers, but also includes some regions within the right hemisphere (RH) (Tie et al. 2014; Zhu et al. 2014) . According to the analysis by Muller and Meyer (2014) , areas comprising the language network in the RH are not mirror images of their LH counterparts, although they do tend to be located within homologous structures, including inferior frontal gyrus, superior temporal sulcus, and precentral gyrus.
Here we present the results of seed region-of-interest (ROI)-based analyses on four patients who underwent left hemispherectomy. Our aim was to identify putative RH language networks in these patients. We hypothesized that the ICN obtained by placing a seed ROI in right inferior frontal gyrus would include some of the core regions constituting the language network, including inferior frontal gyrus, superior temporal sulcus, and/or precentral gyrus. Previous fMRI studies examining children who have undergone left hemispherectomy identified BOLD responses to language tasks in the right inferior frontal gyrus (IFG), as well as in temporal and dorsal precentral regions; some have noted an increased recruitment of the frontal areas, as well as variation within the intact IFG (Hertz-Pannier et al. 2002; Liegeois et al. 2008; Danelli et al. 2013) . The current study is the first to evaluate the potential of rsfMRI to identify consistent patterns in the functional organization of putative language ICNs following left hemispherectomy.
Methods

Data collection
We analyzed resting-state fMRI data collected from four children who had undergone left hemispherectomy (3 female, age at testing 11-21 years, mean age = 15.25, SD = 4.35), collected by researchers at The Brain Recovery Project (http://brainrecoveryproject.org/ research). The participants were recruited via advertisements through the support groups for families with children after hemispherectomy. The Office of the Human Research Protection Program of the University of California, Los Angeles, approved this study and all participants gave informed consent to participate in the study. Patients and their families signed research informed assent and consent forms including Health Insurance Portability and Accountability Act (HIPAA) authorizations. In recruiting patients for this study, we made an effort to include individuals whose etiology would allow an isolated right hemisphere the greatest potential to develop language skills, i.e., the situation when language has unfolded in the RH from the very beginning. This selection process excluded individuals with progressive lesions, such as those having Sturge Weber Syndrome or Rasmussen Encephalitis and individuals with ongoing seizures that are not controlled by anti-epileptic drugs (AED). All participants underwent functional hemispherectomy, meaning that every connection to the LH was severed. In addition, all motor cortex in the LH was physically resected. Clinical history and neuroimaging results were reviewed both pre-and post-surgically by a medical team including a neuroradiologist and a neurosurgeon to check for the presence of any missed connections remaining between the two hemispheres and on the status of the remaining RH. The RH of all participants in this study was described as normal, with no overt signs of any mentioned pathologies.
A group analysis based on randomly selected data from 15 healthy controls was used for comparison with the subjects who underwent hemispherectomy. The control data were obtained from data collected at New York University made publicly available through the Autism Brain Imaging Data Exchange (http:// fcon_1000.projects.nitrc.org/indi/abide/) (Di Martino et al. 2014) . The age range of healthy, right-handed subjects (5 female, 10 male) was 11-18 years (mean age = 15.32, SD = 3.54). The control participants scored within the normal range on the WASI (full-scale IQ average = 107.3, SD = 12.2; verbal IQ average = 107.6, SD = 10.2).
Image acquisition
Whole-brain resting-state fMRI data were collected for participants after hemispherectomy, using an echo-planar imaging (EPI) sequence (3T Allegra, 28 slices, slice thickness 3 mm, TR = 2500 ms, TE = 35 ms, flip angle = 90°, FOV = 200 mm, voxel size 3.1 9 3.1 9 3.0 mm, 166 volumes). A matched bandwidth high-resolution structural image was acquired for each participant (TR = 5000 ms; TE = 33 ms; rotation = 0°; 28 slices; 1 volume FOV = 200 mm).
The rsfMRI scans for controls were also collected on a 3T Allegra (33 slices, slice thickness 4 mm, TR = 2000 ms, TE = 15 ms, flip angle = 90°, FOV = 240 mm, voxel size = 3 mm 9 3 mm 9 4 mm, 180 volumes). A highresolution T1-weighted anatomical image was acquired using a magnetization-prepared gradient echo sequence (TR = 2530 ms; TE = 3.25 ms; flip angle = 7°; 128 slices; 1 volume FOV = 256 mm). All details regarding scanning protocols for control participants can be found in the study by Di Martino et al. (2014) .
Preprocessing
We preprocessed the data using Data Processing Assistant for Resting-State fMRI (DPARSF), which is based on Statistical Parametric Mapping (SPM) version 8 and the toolbox for Data Processing and Analysis of Brain Imaging (DPABI) (Yan et al. 2016 ). The first 10 volumes of the functional scans were deleted for all participants to avoid artifacts associated with their acquisition. The preprocessing steps included slice-timing correction, brain extraction of structural images, co-registration of the structural and the functional data for control participants, and segmentation using SPM priors for cerebrospinal fluid (CSF) and white matter (WM). We used the WM and CSF mean time series as nuisance regressors in the general linear model to reduce the influence of physiological noise (Margulies et al. 2007 ). Global signal regression was not used (Saad et al. 2012) . Additionally, we regressed out nuisance covariates related to motion using the Friston 24-parameter model (Friston et al. 1996) and applied a band-pass filter capturing the fMRI signal between the frequencies 0.01-0.1 Hz. The data were spatially smoothed with a 6-mm full-width half-maximum Gaussian kernel. To further reduce motion-related artifacts we applied the cut (delete) ''scrubbing'' option available in the DPABI-A toolbox using the following parameters: framewise displacement (FD) threshold for bad time points = 0.5, time points deleted before bad time points = 1, time points deleted after bad time points = 2 (Power et al. 2012) . The original dataset included functional scans from six patients with hemispherectomy, but two had unacceptably high levels of motion (with more than 50% of points removed after scrubbing) and thus were excluded from subsequent analyses. No time points were removed for participants 1F and 2F; participant 3M had 48% of time points removed after scrubbing, and participant 4F had 38% removed. After scrubbing, control data were registered to the standard Montreal Neurological Institute (MNI) template. Due to significant structural changes in brains after hemispherectomy, the patient data were not registered to a common template.
Seed ROI-based functional connectivity analysis
Individual functional connectivity analyses were performed in DPARSF. To identify the putative language network in the lone RH, we placed a spherical 6-mm-radius ROI in the pars orbitalis of the right inferior frontal gyrus (IFG, MNI coordinates 50 28 -10). A matching location for each hemispherectomy patient was defined interactively, using anatomic landmarks within the IFG, a technique previously proven reliable by Kelly et al. (2010) . In each participant, the seed was located within the posterior part of right pars orbitalis, immediately below pars triangularis. We selected the right IFG as the optimal region for seed ROI placement based on previous task-based fMRI studies in hemispherectomy patients demonstrating consistent involvement of this brain region in language function (Danelli et al. 2013; Hertz-Pannier et al. 2002; Liegeois et al. 2008; Voets et al. 2006) . Another region that tends to be recruited during language tasks in both neurotypical participants (Binder et al. 1997 ) and participants with hemispherectomy (Liegeois et al. 2008 ) is the middle temporal gyrus; however, exploratory analyses of functional connectivity of the middle temporal gyrus in control participants revealed a network that included several brain regions not specific to language function, so it was not considered further. We verified that the ICN obtained from our seed in the right IFG was indeed the putative language ICN by qualitatively comparing it with (a) the networks described in the literature (e.g., Muller and Meyer 2014) , (b) the Neurosynth map corresponding to the term ''language'' (Yarkoni et al. 2011) , and (c) a language ICN in control participants, obtained by placing a seed ROI within the left IFG (MNI coordinates -53 20 15).
The control data were further analyzed on a group level. A group map was obtained via one-sample t test, performed with the Resting-State fMRI Data Analysis Toolkit (REST) (Song et al. 2011 ). The result was corrected for multiple comparisons using Gaussian Random Field Theory Multiple Comparison Correction (voxel-level p value = 0.00005; cluster-level p value = 0.05), also implemented in REST.
ROI-to-ROI correlation analysis
To quantify the degree of connectivity between the seed ROI and the nodes that are functionally linked to it, we computed ROI-to-ROI correlation coefficients for both control participants and patients with hemispherectomy. We used functional connectivity maps of individual participants (as opposed to the group map) to account for possible variability within the neurotypical population. Significant clusters included at least 10 voxels and had a Fisher's z score of 0.55 or above. The z score threshold we selected was based on the constraint that the IFG cluster should be separate from clusters in other brain regions, such as superior temporal sulcus. Based on these criteria, we identified regions in the RH that were present in at least a third of the participants (5 out of 15). The analysis revealed that four RH regions exhibited strong functional connectivity with the right IFG: superior temporal sulcus, precentral gyrus, frontal pole, and right cerebellum. Additionally, we considered the cluster in the left cerebellum, which was present in four control participants. We subsequently defined a spherical 6-mm ROI within each of the chosen regions, centered on the voxel with the highest z score on the group map computed from control participants. Corresponding ROIs were defined for each of the patients based on anatomic landmarks. We then calculated correlation scores between the original seed and the obtained ROIs in each subject using Pearson's R (Song et al. 2011 ) and plotted them using the Anaconda software (http://docs.continuum.io/anaconda/). Due to the fact that the IFG seeds in the LH and in the RH are not fully homologous, a quantitative comparison of RH seed connectivity scores in hemispherectomy patients with LH seed connectivity scores in controls was not conducted.
Results
Participants: clinical cohort description
Clinical variables and language scores of receptive vocabulary, reading and comprehension of a written text for the four participants are presented in Table 1 . Histopathology results were consistent with a middle cerebral artery (MCA) stroke in utero in three individuals (1F, 2F and 3M), and with cortical dysplasia (CD) in the last one (4F). All participants with prenatal infarct were born with hemiparesis, but seizures started later in childhood following four to nine years of seizure-free development. In contrast, seizures in participant 4F started immediately after birth, congruent with her diagnosis of CD. All subjects were seizure-free following hemispherectomy, and AEDs were discontinued. Figure 1 shows high-resolution anatomical MRIs of three of the four participants.
All participants had age-appropriate spoken language, with two patients (1F and 2F) who were also able to read and comprehend in the average range (Table 1 ). All four individuals were from monolingual English-speaking families. Pre-surgical evaluations of language abilities were not available due to severe seizure activity. Interviews were conducted with each participant's parents to obtain an account of the participant's language and literacy acquisition. Parents of participants after prenatal stroke (1F, 2F and 3M) stated that, after an initial delay, their Standard scores 100 ± SD 15 a Peabody Picture Vocabulary Test (Dunn and Dunn 2007) child's language development seemed appropriate from about 24 months of age, until seizures became uncontrolled and language deterioration began. These three participants could barely speak at the time of their surgery and retained only a few words and signs. Language recovery was described as fast, and within 3-4 weeks post-surgery children had attained their pre-surgery, pre-seizure levels. In contrast to individuals post-stroke who had prolonged seizure-free development before hemispherectomy, participant 4F started having severe AED-resistant seizures at birth and developed language skills following surgery only. Currently, 4F is a fluent speaker with significantly delayed cognitive and emotional development. In our study she received the lowest reading scores and could identify only a few sight words, being functionally illiterate.
Functional connectivity: neurotypical individuals
After examining whole-brain connectivity of the left IFG seed (MNI coordinates -53 20 15), we obtained the group functional connectivity map representing the language ICN, shown on the top panel of Fig. 2 . The bottom panel of Fig. 2 shows the group functional connectivity map obtained by placing the seed in the right IFG, specifically, within the pars orbitalis (MNI coordinates 50 28 -10). Connectivity patterns derived from these two analyses were similar, suggesting that both represent portions of the same network. The clusters composing the network are listed in Table 2 . Importantly, the ICN obtained by placing a seed in the right pars orbitalis included typical language regions, namely IFG, left angular gyrus, superior temporal sulcus, and clusters in both precentral gyri (Muller and Meyer 2014) . Within the RH, consistent patterns of connectivity were observed between the IFG and precentral gyrus, superior temporal sulcus, angular gyrus, temporal pole, left and, to a lesser extent, right cerebellum, and frontal pole. The analysis of the ICN obtained in neurotypical individuals demonstrated that the chosen ROI was effective at revealing the language network described in the previous studies (Muller and Meyer 2014; Tie et al. 2014; Zhu et al. 2014) . Thus, ROIs in the right IFG could be used as a starting point for exploring compensatory language networks in patients after hemispherectomy.
Functional connectivity: hemispherectomy patients
The results of the seed-based analysis in individual hemispherectomy patients are presented in Fig. 3 . The seed ROI, located in pars orbitalis of the right IFG, was functionally connected with other parts of the IFG, specifically, with pars triangularis in all four participants and with pars opercularis in participants 3M and 4F. Three out of the four patients exhibited functional connectivity between the right IFG, right precentral gyrus, and right superior temporal sulcus, a pattern typical for the language network. The only exception was participant 3M, whose functional network did not include any cortical areas outside the IFG. Functional connectivity with the left cerebellum was present in participants 2F, 3M, and 4F, while connectivity with the right cerebellum was observed in 1F and 2F. Novel connectivity patterns that were not present in the ICNs of control participants include clusters in the superior parietal lobule (1F, 2F, and 4F), and the postcentral gyrus (4F). Functional connectivity results are summarized in Table 3 .
ROI-to-ROI analyses
We analyzed correlations in BOLD signal between our seed ROI and spherical ROIs centered at activation peaks of five major clusters of the RH language network identified in neurotypical individuals. The results are presented in Fig. 4 . For the control group, the strongest correlation values between cortical areas were observed between inferior frontal gyrus and (1) superior temporal sulcus, followed by (2) precentral gyrus, and (3) the frontal pole. Activity in the seed was also significantly correlated with activity in the ROIs in left and right cerebellum.
The description of functional connectivity results for participants who underwent hemispherectomy can be found in Table 4 . Connectivity scores between the IFG and the superior temporal sulcus in 3M and 4F were comparable to scores of neurotypical controls, but 1F had an unusually high connectivity score, and 2F had an unusually low score. Connectivity scores between the IFG and the precentral gyrus were unusually high for 4F but within the normal range for other patients. Frontal pole connectivity values were higher than average in 2F and 4F but were close to zero in 1F and 3M. Right cerebellum connectivity score was unusually low in 3M, while the scores of the other participants were within the normal range. All four participants exhibited non-extreme functional connectivity scores between the IFG seed and left cerebellum ROIs.
Discussion
We demonstrate for the first time patterns of functional connectivity of the right inferior frontal gyrus in patients who have undergone left hemispherectomy for surgical Fig. 3 Functional connectivity maps for neurotypical control group and four individual patients with left hemispherectomy, with seed placed in the right pars orbitalis. IFG inferior frontal gyrus, PMC premotor cortex, STS superior temporal sulcus treatment of epilepsy. Using seed ROI-based analysis of rsfMRI data, we identified intrinsic connectivity networks that partially resembled those observed in control subjects. These results demonstrate the potential utility of using rsfMRI to reveal functional organization of intrinsic connectivity networks following drastic brain surgery.
IFG connectivity patterns post-hemispherectomy are partially preserved
Our analyses indicate that functional connectivity between right inferior frontal gyrus and other regions typically contributing to language is at least partially preserved in patients with a lone RH. In three out of four patients, the networks revealed by the seed ROI analysis include most of the regions observed in neurotypical controls, such as pars triangularis, precentral gyrus, and the superior temporal sulcus (see Table 2 ). The only exception was participant 3M, who also exhibited the highest levels of inscanner motion: the seed in his pars orbitalis showed remarkably low connectivity with the brain regions outside of IFG. Given the lack of the interaction with temporoparietal regions, this network would not be able to carry out such a complex function as language (Friederici et al. 2011) . We conclude that participant 3M likely relies on additional brain regions for language processing, which do not involve our ROI seed. The lack of involvement of pars orbitalis in the language ICN of this participant is not too surprising, as even in neurotypical individuals this region is not always involved in language function (Fedorenko et al. 2012 ). In the remaining participants, however, the overall connectivity patterns are similar to the patterns observed in neurotypical individuals and can be indicative of a putative language ICN in the right hemisphere.
Patients with a lone right hemisphere demonstrate aberrant connectivity scores
Quantitative ROI-to-ROI analysis demonstrates that the RH network in participants with hemispherectomy exhibits altered connectivity patterns, with some scores lying outside the neurotypical variation range (see Fig. 4 ; Table 4 ). While the RH network includes most of the areas belonging to a traditional language ICN, it appears that some of the pathways within the network must undergo reorganization to compensate for the damage done to the left hemisphere. Interestingly, high connectivity scores in these participants do not necessarily indicate functional recovery. Participants 1F and 2F have normal spoken and written language despite the fact that the ROI in superior temporal sulcus of participant 2F exhibits low connectivity scores, and right IFG in participant 1F has unusually low connectivity between right IFG and precentral gyrus, as well as between right IFG and the frontal pole. Meanwhile, written language function in 4F is impaired even though the nodes of this patient's network are highly correlated. It is possible that preserving the neurotypical network organization is, in fact, counterproductive when one hemisphere has to perform the functions of the two and that significant changes in connectivity are required for proper functional development. Although more studies are needed to determine the neural markers predicting operation outcome in this population, quantifying the degree of correlation between IFG and other major nodes of the language ICN pre-and postsurgery can reveal important information about the organization and efficiency of the network.
Resting-state fMRI analysis complements information from task-based studies
To date, four studies have used fMRI to assess functional recovery in left hemispherectomy patients during language tasks. In the study of Hertz-Pannier et al. (2002) , only the left hemisphere was shown to be involved in language tasks prior to the surgery, but functional scans of the right hemisphere after the operation revealed a network with high activation levels in the frontal areas, namely the right IFG and the right precentral gyrus, similar to the ICNs observed in our patients. Danelli and colleagues (2013) also report an increased recruitment of RH frontal regions post-surgery. In the study of Voets et al. (2006) , activation is observed almost exclusively in the right IFG (although both frontal and temporal activations were present before the surgery), which may indicate the underconnectivity of this region, similar to the situation in participant 3M. Finally, three participants in the experiment by Liegeois et al. (2008) demonstrate an activation pattern consistent with the results we obtained for participants 1F, 2F, and 4F: all patients in that study recruit posterior temporal regions, as well as the dorsal part of the precentral gyrus. All three participants in Liegeois et al. (2008) demonstrate functional subdivision within the IFG, which can be observed for one out of four participants in our study. Overall, there is a high degree of correspondence between the task-based studies and our current analysis; in particular, three of the four discussed papers indicate the increased recruitment of frontal regions, as demonstrated in two of our subjects, although individual outcomes likely depend on the participants' age and disease history.
Some previous studies assume that the compensatory network in the right hemisphere is a ''neural blueprint'' of its left counterpart (Danelli et al. 2013; Hertz-Pannier et al. 2002) , while others point out the differences in anatomical location of new activation patterns (Liegeois et al. 2008; Voets et al. 2006) . Our data seem to support the latter view, demonstrating that there are some differences in the location of right-hemisphere network clusters in patients compared to those in controls, and that these sites vary between participants. In future studies, rsfMRI analysis may be used to reveal regions in the right hemisphere that are functionally connected with major language centers and, therefore, have the potential to take over language functions after surgery (as suggested by Hertz-Pannier et al. (2002) ).
Task-based fMRI is an important tool for directly evaluating brain regions involved in a specific function and has been used as a pre-surgical tool in patients with epilepsy to assess the feasibility of hemispherectomy (Gould et al. 2016) . However, it is often insufficient for determining the nature and the extent of brain network reorganization (Reid et al. 2016) . Moreover, disease manifestations before the surgery often make conducting task-based studies impossible, as was the case with our participants, none of whom were able to speak immediately before the surgery. Resting-state fMRI provides a useful complement to task-based methods and permits tracking changes in the ICNs before and after surgery.
Limitations and future directions
To date, only task-based fMRI studies have been used to assess the relationship between functional recovery and rearrangement of the language network in hemispherectomy patients. Our work complements these studies by investigating the rearrangement of the intrinsic connectivity network centered in the right IFG. While this type of network analysis is better suited to describe brain plasticity overall, only a combination of resting-state and task-based data can match a specific function to a given network (Poldrack 2006) . Given the differences in functional rearrangement that are observed between patients, performing both types of analysis on the same subjects would reveal the most reliable image of functional reallocation and recovery.
Although all participants were seizure-free following surgery, suggesting relative integrity of the remaining hemisphere, the putative language networks described here resulted from a number of factors including an original lesion, seizures and cerebral hemispherectomy. This makes it difficult to link specific changes underlying reorganization to one particular event. Moreover, this reorganization has influenced multiple cognitive functions, with language being only one of them. Nevertheless, our study is the first examination of substantial rewiring within the RH language network that occurs when an isolated hemisphere has to support functions of two, and different pathways it may adopt.
In the future, a larger sample size could be used to link individual differences in network rearrangement with language performance. Functional recovery usually depends on such factors as age of operation and the preceding course of the disease, and it is important to determine what age is most preferable for performing the operation (Hartman and Cross 2014; Moosa et al. 2013 ). Restingstate fMRI analysis, performed both before and after the operation, can be used to assess network autonomy and the potential for rearrangement. These data could then be used to optimize surgical planning and guide the recovery process for individuals undergoing this drastic operation.
